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IMPROVED PROCESS FOR PREPARING POTASSIUM CLAVULANATE 

5 

Field of the Invention 

This invention relates to an improved process for preparing potassium 
clavulanate, a novel crystalline form of potassium clavulanate and the use thereof in 
10 treating bacterial infections. 

Background of the Invention 

Clavulanic acid and its salts are disclosed in British Patent No. 1508977 as 
1 5 P-lactamase inhibitors capable of enhancing the antibacterial effectiveness of p- 
lactam antibiotics such as penicillins and cephalosporins against many P-Iactamase 
producing bacteria. Antibacterial compositions comprising potassium clavulanate 
and amoxycillin are commercially available under the trade name 'Augmentin' 
(registered Trademark of SmithKline Beecham Corporation), and certain oral dry 
20 unit-dose antibacterial compositions of potassium clavulanate and amoxycillin are 
described in British Patent No. 2005538. Antibacterial compositions comprising 
potassium clavulanate and ticarcillin are conunercially available under the trade name 
Timentin' (registered Trademark of SmithKline Beecham Corporation). Potassium 
clavulanate may also be formulated with other peniciUins and cephalosporins to 
25 enhance their antibacterial efficacy, and also may be formulated alone for separate 
co-administration with penicillins and cephalosporins. 

British Patent No. 1508977 also discloses that salts of clavulanic acid can be 
obtained by absorbing the clavulanate anion in filtered broth onto an anion exchange 

30 resin, eluting therefrom with an electrolyte, desalting the resulting solution, applying 
the desalted solution to a further anion exchange resin, chromatographically eluting 
therefrom with an electrolyte, desalting the resulting solution and thereafter removing 
the solvent. This process can be used to give acceptable yields of pure material, but 
the use of resin columns involves significant investment and they can introduce 

35 limitations in large scale production operations. 
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British Patent No. 1543563 discloses a process for the preparation of 
clavulanic acid salts via precipitation by lithium carbonate. 

In European Patent No. 0026044, the use of the teaiary-butylamine salt of 
5 clavulanic acid as an intermediate in the preparation of clavulanic acid and 
pharmaceutically acceptable salts and esters thereof as well as a process for the 
preparation of clavulanic acid or a pharmaceutically acceptable salt or ester thereof 
comprising converting the tertiary-butylamine salt of clavulanic acid into clavulanic 
acid or a pharmaceutically acceptable salt or ester thereof are described. The tertiary- 
10 butylamine salt of clavulanic acid, which can be obtained in high purity, has been 
disclosed in Belgian Patent No. 86221 1, but only as a suitable ingredient for 
pharmaceutical formulations. European Patent No. 0026044 further discloses a 
process for the purification of clavulanic acid or a pharmaceutically acceptable salt or 
ester thereof which comprises contacting impure clavulanic acid in an organic solvent 
15 with tertiary-butylamine, isolating the tertiary-butylamine salt of clavulanic acid, and 
converting the thus formed tertiary-butylamine salt into calvulanic acid or a 
pharmaceutically acceptable salt or ester thereof. 

Crystalline potassium clavulanate generally exists in the form of rod-like or 
20 needle-like crystals, which are generally relatively large, long crystals, sometimes 
agglomerated into plate-like crystals, and sometimes randomly aggregated into 
loosely formed bundles. This form of potassium clavulanate can give rise to 
processing difficulties in that the material does not always flow readily, is of low bulk 
density, and can be difficult to sieve. U.S. Patent No. 5,288,861 describes crystalline 
25 potassium clavulanate in the form of crystalline rosettes, each comprising a plurality 
of needle crystals radiating out from a common nucleation point. Such rosene form 
of crystalline potassium clavulanate has improved flow characteristics and sieving 
characteristics as compared with the standard needle form potassium clavulanate, thus 
resulting in advantageous pharmaceutical processing and formulation. Crystalline 
30 potassium clavulanate may also exist in a more open rosette, or starburst, form as 
described in U.S. Patent No. 5,288,861. 
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Summary of the Invention 

This invention relates to an improved process for the preparation of 
potassium clavulanate of the formula (I): 




O 



I 

10 directly from the tertiary-butylamine salt of clavulanic acid v^hich results in greater 
overall yield and better final product quality than the prior art processes. 

The present invention also relates to a new rosette-like starburst crystalline 
form of potassium clavulanate. 

15 

Brief Description of the Figures 

Figure 1 shows a microphotograph of the rosette-like starburst crystalline 
20 form of potassium clavulanate at a magnification of lOOX. 

Figure 2 shows a microphotograph of the rosette-like starburst crystalline 
form of potassium clavulanate at a magnification of 250X. 

25 Figure 3 shows a microphotograph of the rosette-like starburst crystalline 

form of potassium clavulanate at a magnification of 640X. 

Figure 4 shows a microphotograph of the rosette-like starburst crystalline 
form of potassium clavulanate at a magnification of 101 OX. 

30 

Figure 5 shows a microphotograph of the conventional crystalline form of 
potassium clavulanate in large individual needles at a magnification of 400X, which 
are in some cases randomly formed into loosely bound aggregates. 
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Figure 6 shows a microphotograph of the rosette crystalline form of 
poiassium clavulanaie at a magnification of approximately lOOX. 

Figure 7 shows a microphotograph of the rosette cyrstalline form of 
5 potassium clavulanate. 

Detailed Description of the Invention 

1 0 The present invention provides an improved process for preparing potassium 

clavulanate directly from the tertiary-butylamine salt of clavulanic acid. In panicular, 
the present invention provides an improved process for preparing sterile potassium 
clavulanate directly from the tertiary-butylamine salt of clavulanic acid. 

1 5 More specifically, the improved process of this invention comprises the 

reaction of the terdaiy-butylamine salt of clavulanic acid (U.S. Patent No. 4,454,069) 
in aqueous isopropanol with potassium 2-ethyl hexanoate in isopropanol, both 
solutions being sterilely filtered prior to crystallization, to produce sterile potassium 
clavulanate. Alternatively, if the potassium clavulanate is produced in non-sterile 

20 form, it can then be converted to sterile potassium clavulanate by standard methods 
known to the art, such as by carbon treatment of the non-sterile material followed by 
sterile filtration. 

By utilizing the improved process of this invention, an entire reciystallization 
25 step of the prior art process (conversion of non-sterile potassium clavulanate to sterile 
potassium clavulanate) is eliminated, thus resulting in at least a 10% cost savings. 
The new process disclosed herein also results in an approximately 7% yield increase 
overall, reduction in overall cycle time, at least comparable final product quality, less 
solvent use, safer material transfer and in-process material handling, and better 
30 process control and reproducibility. 

By carrying out the process of this invention, a new crystalline form of 
potassium clavulanate, which assures safer product handling and material transfer 
than the prior an forms, is produced. This new crystalline form of poiassium 
35 clavulanate is a rosette-hke starburst, different from the crystalline rosette or starburst 
forms described in the prior an. The new rosetie-Iike starburst crystalline form of 
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potassium clavulanate optimizes the advantages and minimizes the disadvantages of 
the prior an needle (or rod), siarbursi and rosette forms of potassium clavulanate. 

More specifically, the new rosette-like starburst crystalline form of 

5 potassium clavulanate is less packed and generally looser than the densely packed 
rosette crystalline form of the prior art. Thus, the rosette-like starburst form is less 
likely to trap contaminants during the crystallization process and is easier to wash and 
purify, thereby resulting in a more highly and easily purified product. As compared 
to the rosette, needle and starburst crystalline forms of potassium clavulanate, the 

10 new rosette-like starburst form has a generally lower polymer level which results in 
greater stability and longer shelf-life. As compared to the needle and starburst 
crystalline foims of potassium clavulanate, the new rosette-like starburst form is less 
fragile and less likely to shatter. As compared to the rosette crystalline form of 
potassium clavulanate, the new crystalline form, although somewhat less durable, is 

1 5 more stable. In addition, the new crystalline form exhibits enhanced blendabiliry as 
compared especially with the needle and starburst forms of crystalline potassium 
clavulanate. The particle size distribution for the new rosette-like starburst crystalline 
form of potassium clavulanate is from about 45 microns to about 98 microns which, 
as shown in Example 5, is significantly different from that of the prior art crystalline 

20 forms. 

Figures 1-4 show scanning electron microscope (SEM) photographs of 
various samples of the new rosette-like starburst crystalline form of potassium 
clavulanate at magnifications of lOOX (Figure 1), 250X (Figure 2), 640X (Figure 3) 
25 and lOlOX (Figure 4). Figure 5 shows, for comparison purposes, a microphotograph 
of a sample of the conventional crystalline form of potassium clavulanate in large 
individual needles at a magnification of 400X. Figures 6 and 7 show, for comparison 
purposes, the rosette form of crystalline potassium clavulanate. 

30 The rosette-like starburst form of crystalline potassium clavulanate of the 

present invention may be dried, processed and formulated in a manner conventional 
for potassium clavulanate, but with the particular advantages of the new crystalline 
form described above. Optionally, the new crystalline form of potassium clavulanate 
of this invention can be blended with salts of other active ingredients to produce 

35 combination products. 
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Thus, the present invention also provides a pharmaceutical composition 
comprising the rosette-like starburst form of crystalline potassium clavulanate 
described above in adnxixture or conjunction with a pharmaceutically acceptable 
carrier or excipient. 

5 

The present invention also provides a pharmaceutical composition 
comprising the rosette-like starburst form of crystalline potassium clavulanate 
described above in admixture or conjunction with an antibacterially active P-lactam 
compound, especially a penicillin or cephalosporin. Particularly preferred p-lactam 
10 compounds are amoxycillin and ticarcillin and pharmaceutically acceptable salts and 
in vivo hydrolysable esters thereof. 

A pharmaceutical composition according to the present invention may be 
adapted for oral or parenteral use, and may be used for the treatment of bacterial 
1 5 infections in mammals, including humans. 

A pharmaceutical composition according to the present invention may, for 
example, be in the form of tablets, capsules, granules, suppositories, suspensions or 
reconstitutable powders (for subsequent dissolution to form solutions for injection or 

20 infusion). Injectable or infusable compositions, for example reconstitutable powders, 
of clavulanic acid and its salts are particularly important as they can give high tissue 
levels of the compound after administration by injection or infusion. Thus, one 
preferred composition of the present invention comprises the new rosette-like 
starburst form of crystalline potassium clavulanate in sterile form, optionally in 

25 adnoixture or conjunction with an antibacterially active ^-lactam compound in sterile 
form. Such compositions may, for example, be stored in sterile vials until use. In 
accordance with conventional practice, such reconstitutable powders may be 
dissolved in a sterile pyrogen-free liquid such as water for injection B.P. 

30 The pharmaceutical compositions according to the present invention, 

whether for oral or parenteral use, may be in unit dosage form. For example, a unit 
dose of a reconstitutable powder may be contained within a sterile vial for subsequent 
dissolution to give a single injectable dose. 

35 Further details of formulating potassium clavulanate into pharmaceutical 

compositions, as well as details of dosages, and details of other antibacterially active 
P-lactam compounds for co-use with potassium clavulanate are given in British 
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Patent No. 1508977. Such details are also applicable to the rosette-like starburst 
crystalline form of potassium clavulanate of the present invention. 

According to further aspects, the present invention provides the use of the 
5 rosene-like starburst crystalline form of potassium clavulanate for the treatment of 
bacienal infections, the use of the rosette-like starburst crystalline form of potassium 
clavulanate in admixture or conjunction with an antibacterially active p-lactam 
compound for the treatment of bacterial infections, and the use of the rosette-like 
starburst crystalline form of potassium clavulanate in the preparation of a 
10 medicament for the treatment of bacterial infections, the medicament preferably being 
suitable for administration by injection or infusion. 

The present invention also provides a method for the treatment of a bacterial 
infection in a human or animal patient which comprises co-administering thereto an 

15 antibacterially effective amount of the rosette-like starburst crystalline form of 
potassium clavulanate and an antibacterially active p-laciam compound, and a 
method for the u-eatment of a bacterial infection in a human or animal patient which 
comprises administering thereto an antibacterially effective amount of an 
antibacterially active (i-lactam compound and a P-lactamase inhibitory amount of the 

20 rosetie-like starburst crystalline form of potassium clavulanate. 

Yet another aspect of this invention is the rosette-like starburst crystalline 
form of potassium clavulanate admixed or dry blended with amoxycillin or ticarcillin 
or a suitable salt thereof, in the form of a sterile reconsititutable powder, in a vial. 
25 Suitable ratios by weight of the new crystalline form of potassium clavulanate to 
amoxycillin and ticarcillin, all in free acid form, are from 1:1 to 1:12, preferably 1:4 
to 1:8, for amoxycillin and from 1:5 to 1:30 for ticarcillin. 

The Figures and Examples illusurate the present invention. 

30 

EXAMPLE 1 

Preparation of 2N Potassium 2-Ethyl Hexanoate/Isopropanol Solution 

Isopropanol (4 liters) and 2-ethyl hexanoic acid (1200 grams) are mixed and 
35 potassium hydroxide pellets (562 grams) are added into the mixture over 5 minutes at 
room temperature while stirring. The mi;cture is stirred for 1 hour until all the 
potassium hydroxide pellets are dissolved. The final solution is distilled 
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azeoiropically with 14 liters of isopropanol at SO^C under reduced pressure (house 
vacuum). Then the volume is adjusted to 4 liters and filtered through filter aid. The 
solution is checked and adjusted for a maximum of 1% water content. 

5 The solution (10 ml) is diluted with methanol (20 ml) and phenolphthalein is 

dropped into it. If a violet color formation indicates the existence of excess 
potassium hydroxide, the excess is determined by titrating with 0, IN hydrochloric 
acid until the color disappears. 

10 If there is no excess potassium hydroxide, the solution is tiu-ated with 0. 1 N 

sodium hydroxide to determine the excess 2-ethyl hexanoic acid. If the 2-ethyl 
hexanoic acid level is greater than 3.0%, the excess is neutralized by adding an 
estimated amount of 45% potassium hydroxide in water solution. 

15 EXAMPLE 2 

Preparation of tertiary-Butylamino Clavulanate Solution ("Solution 1*') 

Isopropanol (75 mi) and water (9 ml) are mixed and tertiary-butylamino 
clavulanate (20 grams) is added to the mixture. The resulting mixture is stirred for 5- 

20 10 minutes at room temperature, with warming to keep the temperature constant since 
the dissolution process is endothermic. Then charcoal (4,5 grams of Norit SG/Norit 
SX2) is added to the solution. The mixture is stirred at moderate speed for 20 
minutes at room temperature. The mixture is then filtered through fdter aid prepared 
previously by caking the filter aid on the bottom of the filter. The solution ("Solution 

25 1 ") is transferred into a reservoir. 

EXAMPLES 

Preparation of 2-Ethyl Hexanoale Solution ("Solution 2") 

30 A 2N solution (49 ml) of potassium 2-ethyl hexanoate/isopropanol is diluted 

with isopropanol (100 ml) then mixed thoroughly and uransferred into a reservoir 
("Solution 2"). 

35 
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EXAMPLE 4 

Preparation of Crystalline Potassium Clavulanate from tertiary-Butylamino 
Clavulanate 

5 Isopropanol (300 ml) and acetone (75 ml) are transferred into a 

crystallization flask. The solvent mixture is cooled down to 15-170C. Solution 1 and 
Solution 2 are concurrently added into the crystallization solution over a period of 0-3 
minutes at a 2-4 ml/min addition rate. 

10 The glassware used to prepare tertiary-butylamino clavulanate solution and 

the filter aid cake are washed with first 10% water in isopropanol solvent mixture (25 
ml) and then with pure isopropanol (25 ml). After Solution 1 and Solution 2 are 
completely added into the crystallization solution, each washing is added to the 
crystallization solution separately at the same addition rate. Completion time of 

15 adding the two solutions is about 75 minutes. 



20 



Nucleation begins in about 10-15 minutes from start of the addition. As soon 
as the addition is completed, the slurry is cooled down to 0-5^C and stirred 
moderately for 0.5 hour. The crystals are filtered and washed with acetone ( 100 ml) 
and air dried at room temperature for 2 hours. 



25 



EXAMPLE 5 

Comparison of Rosette-like Starburst Potassium Clavulanate Crystals with 
Known Crystalline Forms of Potassium Clavulanate 





Needles/rods 


Starbursts/ 
Broken Starbursts 


Rosciic-likc 
Starbursts 


Rosettes 


Tapped Bulk 
Density Range 
(g/ml) 


0.150-0.159 


0.276-0.508 


0.476-0.715 


0.629-0.753 


Flowability 


3.4 


N/A 


4.8 


6.1 


Panicle Size 
Distribution 
(microns) 


34.1-67.3 


33.5 - 70.5 


35.1 -97.9 


34.8 - 66.4 
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What is claimed is: 

I. A process for preparing potassium clavuianaie in the form of 
crystalline rosette-like starbursts which comprises concurrently adding a solution of 
5 potassium 2-ethyl hexanoate in isopropanol and a solution of tertiary-butylamino 
clavulanate in aqueous isopropanol to a mixture of isopropanol and acetone and 
precipitating the crystalline potassium clavulanate therefrom, and optionally isolating 
the crystals by filtration. 

10 2. A process according to Claim 1 in which the potassium 2-ethyl 

hexanoate solution and the tertiary-butylamino clavulanate solution are stcrilely 
filtered prior to crystallization. 

3. A process according to Claim 1 in which the potassium 2-ethyl 
15 hexanoate and tertiary-butylamino clavulanate solutions are added at the same 

addition rate. 

4. A process according to Claim 1 in which the precipitation is carried 
out at a temperature of from about (PC, to about 20^C. 

20 

5. A process according to Claim 4 in which the precipitation is carried 
out at a temperature of from about 15^ to about IT^C. 

6. Potassium clavulanate in the form of crystalline rosette-like 

25 starbursts, each rosette-like starburst being clearly discemable under magnification 
from crystalline starburst form potassium clavulanate and crystalline rosette form 
potassium clavulanate. 

7. The crystalline rosette-like starburst form of potassium clavulanate of 
30 Claim 6 characterized as having a particle size distribution of from about 45 microns 

to about 98 microns. 

8. Potassium clavulanate when prepared by the process of Claim 1. 
35 9- Potassium clavulanate when prepared by the process of Claim 2. 
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10. Potassium clavulanate in rosette-like siarbursi crystalline form when 
prepared by the process of Claim i. 

1 1 . Potassium clavulanate is rosette-like starburst crystalline form when 
5 prepared by the process of Claim 2. 

12. A pharmaceutical composition for treating bacterial infections in 
humans and animals which comprises an effective amount of the rosette-like starburst 
form of potassium clavulanate in combination with a pharmaceutically acceptable 

10 carrier. 

13. A pharmaceutical composition for treating bacterial infections in 
humans and animals which comprises a synergistically effective amount of the 
rosette-like starburst form of potassium clavulanate and an antibacterially effective 

1 5 amount of a p-lactam compound, or a pharmaceutically acceptable salt or ester 
thereof, in combination with a pharmaceutically acceptable carrier. 

14. The composition of Claim 13 in which the (J-lactam compound is a 
penicillin or a cephalosporin, or a pharmaceutically acceptable salt or ester thereof. 

20 

15. The composition of Claim 14 in which die p-lactam compound is 
amoxycillin or a pharmaceutically acceptable salt or ester thereof. 

16. The composition of Claim 14 in which the P-lactam compound is 
25 ticarcillin or a pharmaceutically acceptable salt or ester thereof. 

17. The composition of Claim 15 in which the p-lactam compound is 
sodium amoxycillin. 

30 18. The composition of Claim 16 in which the p-lactam compound is 

disodium ticarcillin. 

1 9. The composition of Claim 1 5 in which the ratio of the clavulanic acid 
component to the amoxycillin component, based on weight of free acids, is from 1 : 1 

35 to 1:12. 

20. the composition of Claim 19 in which the ratio is from 1:4 to 1 :8. 

- 11- 
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21. The composition of Claim 16 in which the ratio of the clavulanic acid 
component to the ticarcillin component, based on weight of free acids, is from 1:5 to 

1:30. 

5 22. The composition of Claim 12 in which the potassium clavulanaie is 
sterile. 

23. The composition of Claim 12 which is a sterile composition. 

10 24. The composition of Claim 13 in which the potassium clavulanate is 
sterile. 

25. The composition of Claim 13 which is a sterile composition. 

15 26. The composition of Claim 15 in which the potassium clavulanate is 
sterile. 

27. The composition of Claim 15 which is a sterile composition. 

20 28. The composition of Claim 17 in which the potassium clavulanate is 
sterile. 

29. The composition of Claim 17 which is a sterile composition. 

25 30. The composition of Claim 16 in which the potassium clavulanate is 
sterile. 

31. The composition of Claim 16 which is a sterile composition. 

30 32. The composition of Claim 18 in which the potassium clavulanate is 
sterile. 

33. The composition of Claim 18 which is a sterile composition. 
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34. A method of treating bacterial infections in humans and animals 
which comprises administering to a human or animal in need thereof an effective 
amount of the rosette-like starburst form of potassium clavulanate in combination 
with a pharmaceutically acceptable carrier. 

5 

35. A method of treating bacterial infections in humans and animals 
which comprises administering to a human or animal in need thereof an effective 
amount of the rosette-like starburst form of potassium clavulanate and an 
antibacterially effective amount of a p-Iactam compound, or a pharmaceutically 

10 acceptable sail or ester thereof. 

36. The method of Claim 35 in which the p-lactam compound is a 
penicillin or a cephalosporin, or a pharmaceutically acceptable salt or ester thereof. 

15 37. The method of Claim 36 in which the p-lactam compound is 

amoxycillin or a pharmaceutically acceptable salt or ester thereof. 

38. The method of Claim 36 in which the p-lactam compound is 
ticarcilllin or a pharmaceuticalUy acceptable salt or ester thereof. 

20 

39. The method of Claim 37 in which the p-lactam compound is sodium 
amoxycillin, 

40. The method of Claim 38 in which the p-lactam compound is 
25 disodium ticarcillin. 

41 . The method of Claim 35 in which the administration is oral. 

42. The method of Claim 35 in which the administration is parenteral. 

43. The method of Claim 35 in which the administration is by injection. 

44. The method of Claim 35 in which the administration is by infusion. 
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